A stressor is a challenge to the body that disturbs its normal physiologic equilibrium or homeostasis, often with detrimental effects. 1 Responses to this challenge yield interaction among the central nervous, endocrine, and immune systems. For instance, the immune system receives signals from the central nervous system and the endocrine system via neuropeptides and hormones, respectively. In addition, immune cells produce interleukin-1 (IL-1), which interacts with the hypothalamus and modulates the hypothalamicpituitary-adrenal axis. [1] [2] [3] A variety of stressors influence the hypothalamic-pituitary-adrenal axis and promote the release of neuropeptides and hormones, such as corticotropin releasing factor, endorphins, enkephalins, adrenocorticotropic hormone, growth hormone, prolactin, and cortisol. All these entities modulate immune function. [4] [5] [6] Cortisol down-regulates the immune system by inhibiting the production of IL-1 and IL-2 by macrophages and T-helper cells respectively, as well as suppressing antigen presentation by macrophages. [7] [8] [9] In addition, cortisol influences the distribution of circulating WBCs by increasing the release of neutrophils from the bone marrow reserve, reducing migration of neutrophils to tissues and increasing sequestration of lymphocytes (mostly T-helper cells) into lymphoid tissues. 10, 11 Such redistribution of the WBC subtypes may significantly affect the performance and the effector function of the immune system when it responds to a challenge. Prolactin, on the other hand, has an important role in immune regulation. Lymphocyte proliferation or macrophage activation may be reduced by either antibodies against prolactin or suppression of the release of prolactin from the pituitary gland. 12 Therefore, increasing prolactin levels is essential for up-regulating low lymphocyte counts and possibly counteracting the immunosuppressive action of elevated cortisol levels.
C C H H E E M M I I S S T T R R Y Y
This study evaluated the effects of a common stressful event, academic examination, on (1) Several in vitro studies have shown that pharmacologic doses of hydrocortisone or cortisol can either enhance viral replication or reactivate cell lines infected with Epstein-Barr virus (EBV) or cytomegalovirus (CMV). [13] [14] [15] [16] These herpesviruses cause primary infections during adolescence. After infection, EBV and CMV continue to reside in Blymphocytes and WBCs, respectively, for the life of the individual. If the virus is reactivated in these latently infected cells, viral antigens will be expressed. 17 Schuster and colleagues 18 have shown that cortisol reactivates latent EBV through a viral promoter that overlaps an origin of replication of the virus gene, resulting in expression of the viral antigens. In addition, Lathey and Spector 19 reported that adding hydrocortisone enhances the replication of CMV in macrophages. Under normal physiologic conditions, reactivation and replication of these latent viruses is controlled by the cellular immune response, mainly involving specific-memory cytotoxic T cells and natural killer (NK) cells. 17 Under stressful conditions, however, the control exerted by these cells is reduced. As a result, latent viral genes are reactivated, which stimulates the production of specific antibodies to the expressed antigens. 17 Therefore, increases in the concentration of antibodies to expressed viral antigens provide a measure of the cellular immune system's control over the latent virus.
Several published studies support these findings and suggest that the immune modulation associated with behavior (such as psychological stress) significantly influences the ability of the infected person's system to control latent viruses. In a more relevant study 20 of male medical students, academic stress increased antibody titers against EBV viral capsid antigen (VCA), but with no apparent change in cortisol levels. Another study 21 described an increase in cortisol levels and a lowering of T-cell proliferation during acute academic stress in medical students. In a more recent investigation of female students, 22 we found that academic stress significantly increased cortisol levels and blood neutrophil counts and significantly decreased the blood lymphocyte counts. 22 Prolactin levels also increased but not significantly. Because cortisol enhances latent viral replication and reactivation in vitro, and because prolactin is needed for up-regulating lymphocyte function, we used our academic stress model to investigate the reactivation of latent EBV and CMV. We assessed these reactivations by measuring the increases in concentration of antibody that is specific to each virus in seropositive female students.
M Ma at te er ri ia al ls s a an nd d M Me et th ho od ds s Study Protocol
Fifty-six single healthy female students from the Faculty of Pharmacy and Medical Technology at the Jordan University for Women were enrolled in this study. All students completed a questionnaire about their physical and mental health status. Students with recent symptoms of illness or history of psychological disorder were excluded. The mean (± SD) participant age was 22 ± 3 years. No student was receiving drugs or therapy of any kind. Two groups volunteered in the study; one was present during the summer (July through August) semester and the other during the fall-winter (October through January) semester. Students were asked to fast overnight, and 2 blood samples were taken from each between 8:00 am and 10:00 am the next morning, one during baseline (nonstress) and the second during an examination (stress). Each subject was in the same phase of her menstrual cycle when the 2 blood samples were collected. Baseline blood samples were taken at the beginning of the semester (ie, July for the summer group and October for the fall-winter group). Stress blood samples were collected during the final examinations (ie, late August for the summer group and the late December-early January for the fall-winter group) at least 2 days after examinations were given.
Assays
Blood samples (10 mL) were drawn from each student into plain tubes, allowed to clot, and centrifuged. Sera were frozen (-20 o C) until analyzed. respectively. For CMV IgG, specificity and sensitivity were both 100% when compared to the immunofluorescent antibody reference method.
Serozyme solid-phase immunoassay kits were used to measure levels of cortisol and prolactin. Inter-and intra-assay coefficients of variation were <8% and 5%, respectively.
Data Evaluation
Of our 56 subjects, 36 (64%) were EBV-seropositive and 31 entered the reactivation study; 52 (93%) were CMV-seropositive and 47 entered the reactivation study. (Five subjects were not evaluated for EBV or CMV reactivation because stress samples were drawn before baseline samples.) In this study, reactivation of the virus was defined as an increase of >30% in the specific viral IgG level between paired samples of the same subject (baseline vs stress). To reduce the variations between individuals and because 2 blood samples were taken from the same student-1 at baseline and 1 during stress-the 2-tailed paired t test was applied to test for significance between measured parameters. In addition, the frequency of reactivation in each semester for latent CMV and EBV in stress samples was evaluated with the x 2 test.
For data evaluation, the percent change (increase) in each parameter (eg, cortisol) for each subject was determined as follows:
Finally, the degrees of association between the percent change in EBV VCA IgG and CMV IgG and the percent change in cortisol, prolactin, and cortisol/prolactin ratio were evaluated with the Spearman rank correlation test.
R Re es su ul lt ts s Seasonal Prevalence of EBV IgG and CMV IgG
In the population tested, 64% (36/56) of members were EBV VCA IgG-seropositive and 36% (20/56) were seronegative. On the other hand, 93% (52/56) were CMV IgG-seropositive and 7% (4/56) were seronegative.
For the summer group, the mean baseline concentration of EBV VCA IgG was 11.4 IU/mL compared to 18.5 IU/mL in the fall-winter group. This seasonal difference was significant at P = .003 (Table 1) . The mean baseline concentration of CMV IgG in the summer group was 61.6 IU/mL compared to 92.4 IU/mL in the fall-winter group. This seasonal difference was significant at P = .033. These results indicate that baseline IgG concentrations against EBV VCA and against CMV in the fall-winter were higher than in the summer.
Reactivation of EBV and CMV
Reactivation of EBV or CMV was defined as a 30% increase in specific IgG levels in seropositive-EBV or seropositive-CMV students, respectively. After the examination was given, 32% (10/31) of all students showed EBV reactivation and 26% (12/47) showed CMV reactivation (Table 2 ).
In the summer group, the mean concentration of EBV VCA IgG during the examination was 17.4 IU/mL compared to 11.4 IU/mL at baseline Section Scientific Communications CMV indicates cytomegalovirus; EBV, Epstein-Barr virus. * P = 0.005 (x 2 ) when compared to number of subjects who showed reactivation in fall-winter.
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( Table 1) . This difference was statistically significant at P = .0028. In addition, 64% (7/11) of summer subjects showed EBV reactivation whereas only 15% (3/20) of the fall-winter students showed a similar change. This difference was significant at P = .005 (Table 2) . After examination, the increase in EBV VCA IgG in the summer group was 56%, which, when compared to the -2% increase in the fall-winter group, was significantly different at P = .002 ( Figure) . For CMV during examination stress, the mean CMV IgG concentration in the summer group did not differ significantly from its baseline value in either the summer or the fall-winter group (Table 1 ). In addition, the difference in the frequency of reactivation of CMV between the summer (33%) and the fall-winter groups (21%) was insignificant (Table 2) . Furthermore, after examination the increase in CMV IgG values in the summer and fall-winter groups were 22% and 8%, respectively. This difference was also not statistically significant (Figure) .
Cortisol and Prolactin
The mean total cortisol level for the stress samples was 318 ± 21 nmol/L compared to 242 ± 15 nmol/L baseline value, which was significantly different at P = .004. Most subjects (60%) had higher cortisol levels during the examination stress; 35% had lower levels and 5% showed no change.
When the subjects were grouped according to season, the mean baseline cortisol level for the summer group was 236 ± 23 nmol/L. After academic stress, this value significantly increased to 294 ± 25 nmol/L at P = .037. In the fall-winter group, the mean baseline cortisol level at 243 ± 19 nmol/L significantly increased to 335 ± 34 nmol/L after academic stress (P = .016). The percent increase in cortisol values after stress in the summer and in the fall-winter groups was 38% and 41%, respectively (Figure) .
The mean prolactin level in the stress samples did not differ significantly from the baseline value (308 ± 22 µIU/mL vs 267 ± 18 µIU/mL), although 52% of subjects showed an increase in prolactin level and 8% had no change.
When the subjects were grouped according to season, the mean prolactin level in the summer group at baseline was 283 ± 20 µIU/mL. This value increased (insignificantly at P = .32) to 318 ± 27 µIU/mL during examination. In the fall-winter group, the mean prolactin levels at baseline and during examination were 256 ± 26 µIU/mL and 302 ± 28 µIU/mL, respectively, and were not statistically different (P = .09). The percent increases in prolactin levels after stress in the summer and the fall-winter semesters were 33% and 38%, respectively (Figure) .
EBV VCA IgG, CMV IgG, Cortisol, and Prolactin Levels
For all seropositive subjects, no correlation was found between the percent change in the levels of EBV VCA IgG and CMV IgG and the percent change in the levels of cortisol, prolactin, or the cortisol/prolactin ratio. In addition, no correlation was found between the seropositive EBV and CMV females who showed reactivation to the percent change in levels of cortisol, prolactin, or cortisol/prolactin ratio. The best correlation (r = -0.457) was between the percent change of levels of EBV VCA IgG and the percent change in prolactin (P = .184), whereas the correlation value of 0.036 occurred between the same group and the percent change in cortisol.
D Di is sc cu us ss si io on n
An examination is one of the most common of student stressors. It can disrupt the internal environment of the student's body and cause physiologic changes that tend to disturb homeostasis. 1, 23 We Percent increase in Epstein-Barr virus-viral capsid antigen (EBV-VCA) IgG, cytomegalovirus (CMV) IgG, cortisol, and prolactin levels during examination for summer and fallwinter periods. The increase in EBV-VCA IgG level after examination stress in the summer compared to winter was significant at P = .002. The increase in EBV-VCA IgG level after examination stress compared to baseline in the summer was significant at P = .0028. The increases in cortisol level after examination stress in the summer, fallwinter, and overall were significant at P = .037, .016, and .004, respectively. have shown that examination stress resulted in increased cortisol levels and circulating blood neutrophil counts but significantly decreased blood lymphocyte counts. 22 Prolactin levels were also increased but not significantly. We continue to explore the effects of academic stress on other mechanisms in our female student paradigm.
In our study, we report that during the summer, stress significantly increased the frequency of EBV reactivation and the EBV VCA IgG level. These differences were not seen in the fall-winter season. On the other hand, examination stress did not seem to affect the frequency of CMV reactivation or CMV IgG levels in either season.
Several studies have explored the relationship between stressful events and the immunologic control over latent viral reactivation. 17, 20, [24] [25] [26] Reduced T-cell control of herpesvirus latency corresponds to higher viral-specific IgG levels in serum. 17 The type of stress (acute vs chronic), however, might mediate a different immunologic response. Glaser and colleagues 20 showed that examination stress (acute) resulted in significantly increased EBV VCA IgG levels in male medical students in the fall and in the spring. A different study 17 failed to show the same examination effect. The authors attributed this "no change" result to the timing of the latter study. They had shown earlier 26 that levels of EBV VCA IgG and IgG to herpes simplex virus (HSV)-1 were increased after the acute stress of marital conflict.
In our study, we showed that the frequency of EBV reactivation due to examination stress in the summer was higher than in the fall-winter. In addition, our data indicate the presence of significant seasonal variations in the EBV VCA IgG and CMV IgG levels, with higher values in fall-winter than in summer. Other studies 17, 20 have reported the latter observation. It is possible that exposure to EBV and CMV is high in the fall-winter, especially during early winter. In addition, the human immune system is down-regulated to latent viruses during fall-winter, in which cold may act as a chronic stressor leading to higher IgG levels to these latent viruses.
As for studies of other types of chronic stress, Amsterdam and colleagues 25 failed to show elevated antibody titers to EBV VCA in subjects with major depressive disorders. McKinnon and coworkers 24 studied the chronic stress of living near sites of nuclear disaster (Three Mile Island) and reported that residents had high levels of antibody to CMV and HSV-1. However, because the latter study was concurrent rather than prospective, it is difficult to argue that living near nuclear disaster is the only factor that induced the high CMV or HSV-1 IgG levels.
In vitro associations between cortisol and reactivation of EBV or CMV-infected cell lines have been established. [13] [14] [15] [16] A recent study 27 reported an in vivo association between hyperthermic stressinduced elevation of corticosterone and the level of HSV-1 reactivation in latently infected mice. In our study, the stress of academic examination increased cortisol levels and reactivated EBV in the summer. However, we found no correlation between the percent change in cortisol concentration and the percent change in EBV VCA IgG or CMV IgG. Although elevated cortisol levels may help to suppress the proliferation of cytotoxic Tlymphocyte memory cells and T lymphocytes, other parts of the innate immune system, such as NK-cell activity and interferon-gamma production, are also affected by stress. 28, 29 It has been suggested 30 that both adrenal-dependent and adrenal-independent mechanisms are involved in the stress-induced modulation of viral immunity. In addition, other opiomelanocortin-derived hormones such as adrenocorticotropic hormone, endorphins, and enkephalins were found to suppress the function of T cells. 31 In our study, the percent change in the prolactin level showed better (although not significant) correlation than cortisol level (r = -0.457 vs 0.036 for cortisol level) to the percent change of EBV VCA IgG. Because prolactin is important in lymphocyte proliferation and activation of macrophages, 12 increasing prolactin levels is essential for up-regulating low lymphocyte counts. Recently, we observed that examination stress increased the circulating neutrophil count and decreased the circulating lymphocyte count. 22 The drop in lymphocyte count may stimulate prolactin production 12 and affect the Section Scientific Communications CD4/CD8 ratio in the lymph nodes as well as in the circulation, which could lead to an imbalance in the cellular immune control of latent viruses. 32 We evaluated the effect of academic stress on the immune and the endocrine systems. However, complex endocrine-immune system interactions make it difficult to show a direct in vivo relationship between stress hormone levels and reactivation of EBV or CMV reactivation. Our data show the effect of seasonal changes on latent virus reactivation. The data also suggest that academic stress can reactivate some latent viruses to various degrees at different seasons, and that in vivo reactivation of specific latent viral genes might involve multiple neuroendocrine interactions.l
